Calcium and aluminium contacts were thermally evaporated as shown in Fig. S1c .
Photocathode fabrication:
Organic photocathode devices had the following structure: ITO || NiO or PEDOT:PSS || PCDTBT: PC70BM || Au (70-80 nm) or ALD TiO2 (100 nm) || RuO2 NP Gold was thermally evaporated onto the middle of the OPV cells to give a cumulative pixel area of 1 cm 2 (Fig. S2a) .
Atomic layer deposition of TiO2:
A layer of 100 nm TiO2 was deposited via atomic layer deposition (ALD) in a home-built ALD reactor, at 75 °C hotplate temperature in exposure mode with pulse, hold and purge times of 0.015 s/10 s/60 s for H2O (held at room temperature) and 0.1 s/10 s/60 s for tetrakis(dimethylamino) titanium, (TDMAT, heated at 75 °C) with 10 sccm N2 flow. 4 A growth rate of 0.7 Å per cycle on a Si wafer as measured by a reflectometer (F20, Filmetrics). To avoid polymer degradation, the chamber was cooled to 30 °C before inserting and removing the samples. The substrates were heated only after evacuating the chamber to ∼0.3 mbar under inert N2 (Carbagas, 99.999% pure) flow. A thin strip of thermal tape was applied to the top of the photocathode device to prevent TiO2 deposition onto the ITO back contact as seen in figure S2c.
RuO2 deposition:
RuO2 nanoparticles were prepared through a hydrothermal method previously published ( Figure S3 ). RuO2 nanoparticles were added to 1 ml methanol at concentration 10 mg/ml and stirred for 48 h to create a suspension. 30 µl of the RuO2 nanoparticles solution were spin-coated onto TiO2-or Aucoated devices at 4000 rpm for 40 s. A thin wire soldered to the ITO back contact via ultrasonic soldering and the final device was encapsulated around the edges with epoxy such that only the solution-OPV interface layer was exposed to the electrolyte (Fig. S2b) .The catalyst after deposition on top of our photocathode was activated by performing several LSV under 1 sun illumination ( Figure  S11 ).
C. Instrumentation:
XRD patterns of the samples were recorded at the "Servei de Difracció de Rais X" at the UAB using a Phillips XPert diffractometer equipped with a two circle diffractometers and a Cu tube.
Transmission electron microscopy observations were performed at the "Servei de Microscòpia" of the UAB. TEM grids were prepared by drop-casting of the crude colloidal solution onto a holey carboncoated copper grid. TEM analyses were performed on a JEOL 2011 electron microscope working at 200 kV with a point resolution of 1.8 Å. Statistical size distributions were built via manual analysis of enlarged micrographs by measuring ca. 200 non-touching nanoparticles. The analyses were done by assuming that the nanoparticles are spherical. Nanoparticle sizes are quoted as the mean diameter ± the standard deviation.
Solar cell performance was evaluated under xenon lamp with AM 1.5G filters at 1 sun referenced to a certified silicon diode.
All photocathode electrochemical measurements were carried out in a cappuccino cell in a threeelectrode configuration using an Ag/AgCl (sat'd KCl) as a reference, a Pt mesh as a counter and the photocathode as the working electrode in 0.1 M phosphate buffer (pH 7) or 0.1 M sulfuric acid (pH 1). Linear sweep voltammetry and chronoamperometry measurements were carried out with an Autolab PGSTAT101 potentiostat under simulated AM 1.5G illumination (1 sun calibrated with a certified Si diode using a KG3 filter).
Hydrogen evolution measurements were performed in a gas tight three electrode electrochemical cell with the best performing photocathode applying 0 V vs RHE under 1 sun back illumination. The hydrogen was detected using a gas-phase Clark-type hydrogen electrode (Unisense H2-NP microsensor). Quantification of the evolved gas was done by adding known volumes of hydrogen.
D. Faradaic efficiency calculations
The Faradaic efficiency has been estimated as follows: FE = moles of gas phase H 2 + moles of dissolved H 2 moles of H 2 calculated from the photocurrent x 100
Moles in the gas phase were directly estimated from the H2 clark measurement =7.76 10 -6 H2 moles
Moles of dissolved H2:
Where KH (Henry constant) = 1282.05
L x atm mol
, and P is the pressure in the head space of the cell P was estimated using the ideal gases law: 
